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ABSTRACT 
Recent c o n g r e s s i o n a l  l e g i s l a t i o n  a l -  
lows f e d e r a l  agenc ies  new a u t h o r i t i e s  t o  
c o n t r a c t  f o r  energy  s a v i n g s  by s h a r i n g  t h e  
a c q u i r e d  s a v i n g s  w i t h  an ene rgy  s e r v i c e  
company. As p a r t  o f  i t s  c h a r t e r  t o  make 
t h e  f e d e r a l  government more e n e r g y - e f f i -  
c i e n t ,  t h e  F e d e r a l  Energy Management P ro -  
gram (FEMP) endeavors  t o  improve  t h e  t e c h -  
n i c a l  b a s i s  f o r  such per formance-based 
c o n t r a c t i n g .  S p e c i f i c  t a s k s  i n c l u d e  t h e  
deve lopment  o f  improved energy  use base-  
l i n i n g  methods,  r e f i n e m e n t  o f  a  s i m p l i f i e d  
ene rgy  a n a l y s i s  method and s u p p o r t  t o  
u s e r s ,  p r e p a r a t i o n  o f  g u i d e l i n e s  and p r o -  
cedu res  f o r  ene rgy  s a v i n g s  i n i t i a t i v e s ,  
and p u b l i c a t i o n  o f  a  manual t o  g u i d e  i d e n -  
t i f i c a t i o n  and a n a l y s i s  o f  energy  c o n s e r -  
v a t i o n  measures. T h i s  pape r  d e s c r i b e s  t h e  
c u r r e n t  s t a t u s  and p lanned  p r o g r e s s  i n  
each o f  t h e s e  areas,  and how t h e s e  r e l a t e  
t o  s e v e r a l  p l a n n e d  sha red  s a v i n g s  p r o -  
j e c t s .  
INTRODUCTION 
Many f e d e r a l  b u i l d i n g s  were c o n s t r u c -  
t e d  w i t h  l i t t l e  a t t e n t i o n  t o  ene rgy  e f f i -  
c i e n c y  d u r i n g  an e r a  o f  l o w  ene rgy  p r i c e s .  
Consequen t l y ,  t h e y  g e n e r a l l y  consume sub-  
s t a n t i a l l y  more ene rgy  t h a n  j u s t i f i e d  on a  
l i f e - c y c l e  c o s t  b a s i s  i n  l i g h t  o f  c u r r e n t  
and p r o j e c t e d  ene rgy  p r i c e s .  A l t h o u g h  
c o s t - e f f e c t i v e  energy  c o n s e r v a t i o n  mea- 
s u r e s  e x i s t  i n  p u b l i c  b u i l d i n g s ,  f e d e r a l  
agenc ies  a r e  o f t e n  i n c a p a b l e  o f  s h i f t i n g  
m u l t i y e a r  o p e r a t i n g  f u n d s  t o  c a p i t a l  im- 
provement f unds  t o  pay f o r  t h e s e  measures.  
I n  r e c o g n i t i o n  o f  t h i s  "Ca tch -22 "  
s i t u a t i o n ,  t h e  U.S. Congress has a u t h o -  
r i z e d  f e d e r a l  agenc ies  t o  e n t e r  i n t o  
m u l t i - y e a r  c o n t r a c t s  w i t h  e n e r g y  s e r v i c e  
companies (ESCOs) t o  up -g rade  e f f i c i e n c y  
i n  r e t u r n  f o r  a  s h a r e  o f  t h e  r e a l i z e d  
ene rgy  s a v i n g s .  These sha red  s a v i n g s  
agreements t y p i c a l l y  make use o f  t h i r d -  
p a r t y  f i n a n c i n g  t o  i d e n t i f y ,  p r o c u r e ,  i n -  
s t a l l ,  and m a i n t a i n  ene rgy  c o n s e r v a t i o n  
measures. The t h i r d  p a r t y  t h e n  r e c e i v e s  a  
c a l c u l a t e d  o r  d e r i v e d  p o r t i o n  o f  t h e  r e -  
s u l t a n t  ene rgy  c o s t  s a v i n g s  f o r  a  s p e c i -  
f i e d  p e r i o d  o f  t i m e .  
' o p e r a t e d  b y  B a t t e l  l e  Memor ia l  I n s t i -  
t u t e  f o r  t h e  U.S. Depar tment  o f  Energy un -  
d e r  C o n t r a c t  DE-AC06-76RLO 1830. 
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A t e c h n i c a l  c h a l l e n g e  i s  c o n f r o n t e d  
when e n t e r i n g  i n t o  t h e s e  agreements t o  
d e t e r m i n e  t h e  a c t u a l  l e v e l  o f  ene rgy  
s a v i n g s  r e s u l t i n g  f r o m  t h e  e f f i c i e n c y  
improvements .  T h i s  i s  c o m p l i c a t e d  by  t h e  
f a c t  t h a t  b u i l d i n g  e n e r g y  consumpt ion  i s  
known t o  be a  complex  f u n c t i o n  o f  b u i l d i n g  
m i c r o c l i m a t e ,  usage, and o p e r a t i o n s ,  as 
w e l l  as by t h e  e f f i c i e n c y  o f  i t s  c o n s t r u c -  
t i o n  and e n e r g y - u s i n g  systems. These v a r i -  
ous d e t e r m i n a n t s  o f  b u i l d i n g  ene rgy  use 
may need t o  be c h a r a c t e r i z e d ,  t o  d e v e l o p  
an a c c u r a t e  and c o n t r a c t u a l l y  e n f o r c e a b l e  
e s t i m a t e  o f  a c h i e v e d  ene rgy  s a v i n g s .  
Where t h e  e f f i c i e n c y  improvements 
a f f e c t  o n l y  one end use ,  say e x t e r i o r  
l i g h t i n g ,  t h e  r e s u l t i n g  ene rgy  s a v i n g s  can 
be d e t e r m i n e d  d i r e c t l y  by  s u b - m e t e r i n g  t h e  
a f f e c t e d  d e v i c e s  o r  b y  c o n d u c t i n g  one - t ime  
measurements b e f o r e  and a f t e r  t h e  e f f i c i -  
ency  improvement ,  t h e n  c a l c u l a t i n g  s a v i n g s  
based upon t h e  h o u r s  o f  equ ipment  use. I n  
most  i n s t a n c e s ,  however ,  t h e r e  w i l l  be 
s i g n i f i c a n t  i n t e r a c t i o n s  among ene rgy  end 
uses ,  c l i m a t e ,  and b u i l d i n g  o p e r a t i o n s  and 
use,  so t h a t  a  more s o p h i s t i c a t e d  approach 
i s  r e q u i r e d  t o  a c c u r a t e l y  d e t e r m i n e  ene rgy  
s a v i n g s  r e s u l t i n g  f r o m  a  r e t r o f i t .  
I n  t h e  more complex cases,  an ene rgy  
use b a s e l i n e  i s  d e v e l o p e d  t o  e s t a b l i s h  
what  t h e  c o s t s  o f  ene rgy  f o r  a  s p e c i f i c  
f a c i l i t y  wou ld  have been i f  no i n v e s t m e n t  
were made t o  improve  i t s  e f f i c i e n c y .  By 
s u b t r a c t i n g  t h e  a c t u a l  ene rgy  c o s t s  f o l -  
l o w i n g  an e f f i c i e n c y  improvement f r o m  t h i s  
b a s e l i n e  q u a n t i t y ,  t h e  v a l u e  o f  t h e  ene rgy  
s a v i n g s  a t t r i b u t a b l e  t o  t h e  e f f o r t  i s  de -  
t e r m i n e d .  The s h a r e d - s a v i n g s  c o n t r a c t o r  
can t h e n  be p a i d  an agreed-upon p o r t i o n  o f  
t h i s  s a v i n g s  f o r  an agreed-upon p e r i o d  o f  
t i m e .  T h i s  pe r fo rmance -based  approach 
p r o v i d e s  an i n c e n t i v e  f o r  t h e  ESCO t o  
e n s u r e  t h a t  measures a r e  p r o p e r l y  s p e c i -  
f i e d ,  i n s t a l l e d ,  and m a i n t a i n e d  f o r  t h e  
d u r a t i o n  o f  t h e  c o n t r a c t ,  and p r o t e c t s  
government f rom p a y i n g  f o r  i n e f f e c t i v e  
p r o j e c t s .  
BASELINING STRATEGIES 
A  b a s i c  app roach  t o  d e v e l o p i n g  and 
e v a l u a t i n g  b a s e l i n i n g  s t r a t e g i e s  i s  t o  
c o n s i d e r  o f  t h e  s i g n a l - t o - n o i s e  r a t i o ,  
where t h e  s i g n a l  i s  t h e  a c q u i r e d  energy  
s a v i n g s  and t h e  n o i s e  i s  t h e  u n c e r t a i n t !  
i n  t h e  b a s e l i n e  p r o j e c t i o n .  I f  t h e  a n t i ,  
c i p a t e d  e n e r g y  s a v i n g s  i s  s m a l l  r e l a t i v c  
t o  t h e  b a s e l i n e ,  a c c u r a c y  o f  t h e  b a s e l i ~  
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i s  v e r y  i m p o r t a n t  b u t  may n o t  b e  a f f o r -  
d a b l e  i n  l i g h t  o f  t h e  m a g n i t u d e  o f  p o t e n -  
t i a l  s a v i n g s .  Thus ,  a  p r e l i m i n a r y  a s s e s s -  
ment  o f  t h e  b a s e l i n e  s i g n a l - t o - n o i s e  r a t i o  
f o r  a  s p e c i f i c  p r o j e c t  s h o u l d  b e  made 
b e f o r e  c o m m i t t i n g  s u b s t a n t i a l  r e s o u r c e s  t o  
t h e  p r o j e c t .  
The b e s t  b a s e l i n i n g  method  i s  e a s y  t o  
u n d e r s t a n d ,  i n e x p e n s i v e  t o  i m p l e m e n t ,  a c -  
c u r a t e ,  s e n s i t i v e  t o  known d e t e r m i n a n t s ,  
and c o n t r a c t u a l l y  a c c e p t a b l e .  To d e t e r m i n e  
t h e  b e s t  b a s e l i n i n g  m e t h o d s  f o r  s p e c i f i c  
p r o j e c t s ,  t h e  U.S. D e p a r t m e n t  o f  E n e r g y  
(DOE) i s  s p o n s o r i n g  r e s e a r c h  t o  d e v e l o p  
and e v a l u a t e  v a r i o u s  b a s e l i n i n g  t e c h n i q u e s  
( 1 ) .  The mos t  p r o m i s i n g  methods  w i l l  b e  
d e m o n s t r a t e d  i n  s e v e r a l  p i l o t  s h a r e d  s a -  
v i n g s  t o  s t i m u l a t e  w i d e s p r e a d  a p p l i c a t i o n .  
F o r  d i s c u s s i o n  p u r p o s e s ,  t h r e e  c a t e -  
g o r i e s  o f  b a s e l i n e  methods  a r e  d e f i n e d :  
s t a t i s t i c a l  a p p r o a c h e s ,  s i m u l a t i o n  m o d e l s ,  
and e n d - u s e  m o n i t o r i n g .  The s t a t i s t i c a l  
a p p r o a c h e s  may make u s e  o f  u t i l i t y  b i l l i n g  
d a t a ,  l o c a l  c l i m a t o l o g i c a l  measurements ,  
and some p r o x y  f o r  p r o d u c t i o n  l e v e l s  t o  
d e v e l o p  a  r e g r e s s i o n  m o d e l .  S i m u l a t i o n  mo- 
d e l s  a t t e m p t  t o  e x p l a i n  t h e  e n e r g y  f l o w s  
o f  a  b u i l d i n g  b a s e d  upon  t h e  l a w s  o f  t h e r -  
modynamics and  may p r o v i d e  an e s t i m a t e  o f  
p o t e n t i a l  e n e r g y  s a v i n g s .  E n e r g y  e n d - u s e  
m o n i t o r i n g  e n t a i l s  t h e  c o l l e c t i o n  o f  s u b -  
m e t e r e d  e n e r g y  c o n s u m p t i o n  and  d e t e r m i n a n t  
d a t a  t o  i s o l a t e  t h e  changes  i n  e n e r g y  u s e  
d i r e c t l y  a t t r i b u t a b l e  t o  s p e c i f i c  e f f i c i -  
e n c y  i m p r o v e m e n t s  and  may s u p p o r t  t h e  d e -  
v e l o p m e n t  o f  an e m p i r i c a l  mode l  o f  t h e  
b u i l d i n g  e n e r g y  f l o w s .  
The s t a t i s t i c a l  m o d e l s  c a n  b e  i n e x -  
p e n s i v e  t o  d e v e l o p  and  s u f f i c i e n t l y  a c c u -  
r a t e  i f  t h e  s i g n a l - t o - n o i s e  r a t i o  i s  h i g h .  
T y p i c a l l y ,  m o n t h l y  b i l l i n g  d a t a  a r e  r e -  
g r e s s e d  a g a i n s t  o u t d o o r  t e m p e r a t u r e  and  a  
p r o x y  f o r  b u i l d i n g  u s e  ( s u c h  as  s a l e s ,  
man-hours ,  o r  m e a l s  s e r v e d )  t o  e x p l a i n  t h e  
v a r i a t i o n  i n  t h e  u t i l i t y  b i l l s .  W i t h  a  
l o n g  b i l l i n g  r e c o r d  and  s t a b l e  o p e r a t i o n s ,  
t h e  s t a t i s t i c a l  mode l  c a n  b e  d e r i v e d  w i t h  
p a r t  o f  t h e  t i m e  s e r i e s  r e c o r d  and  t e s t e d  
a g a i n s t  i t s  a b i l i t y  t o  p r e d i c t  t h e  b a l a n c e  
o f  t h e  r e c o r d .  A l t e r n a t i v e l y ,  v a r i o u s  
g o o d n e s s - o f - f i t  s t a t i s t i c s  c a n  b e  d e r i v e d  
t o  i n d i c a t e  w h a t  p e r c e n t a g e  o f  t h e  h i s -  
t o r i c a l  v a r i a t i o n  i s  e x p l a i n e d  b y  e a c h  
p a r a m e t e r  added  t o  t h e  m o d e l ,  and  w h e t h e r  
each  p a r a m e t e r  i s  s t a t i s t i c a l l y  s i g n i f i -  
c a n t .  
T a b l e  1 i n d i c a t e s  t h e  r e s u l t s  o f  a  
s i m p l e  s t a t i s t i c a l  a n a l y s i s  o f  e n e r g y  
c o n s u m p t i o n  f o r  t h e  U.S. Army. U t i l i t y  
m e t e r  r e a d i n g s  r e f l e c t i n g  m o n t h l y  u s e  o f  
b a s e - w i d e  e l e c t r i c i t y ,  c e n t r a l  s t e a m  p l a n t  
gas ,  and o t h e r  g a s  w e r e  a n a l y z e d  o v e r  a  3 -  
y e a r  p e r i o d .  The r a t i o  o f  t h e  p a r a m e t e r  
e s t i m a t e s  t o  t h e  s t a n d a r d  e r r o r  i n d i c a t e s  
t h e  s i g n i f i c a n c e  o f  t h e  i n d e p e n d e n t  v a r i -  
a b l e s  t o  e x p l a i n  v a r i a t i o n  i n  t h e  depen-  
d e n t  measurements .  The p r e d i c t i v e  p o w e r  o f  
t h e s e  m o d e l s  i s  p r e s e n t l y  b e i n g  e v a l u a t e d  
f o r  p o t e n t i a l  a p p l i c a t i o y  f o r  a  b a s e  w i d e  
s h a r e d  s a v i n g s  c o n t r a c t .  
A n o t h e r ,  m o r e  c o m p l e x  s t a t i s t i c a l  ap -  
p r o a c h  makes u s e  o f  d a i l y  m e t e r  r e a d i n g s  
and i n d o o r  and  o u t d o o r  t e m p e r a t u r e  mea- 
s u r e m e n t s .  F i g u r e  l d e p i c t s  d a i l y  t o t a l  
e l e c t r i c a l  c o n s u m p t i o n  f o r  an a l l - e l e c -  
t r i c  o f f i c e  b u i l d i n g  as  a  f u n c t i o n  o f  i n -  
d o o r - o u t d o o r  t e m p e r a t u r e  d i f f e r e n c e s  f o r  
a p p r o x i m a t e l y  3 0 0  d a y s .  The numbers  c o r -  
r e s p o n d  t o  t h e  d a y  o f  t h e  week,  w i t h  a  1 
f o r  Monday and  a  7 f o r  Sunday.  Two p r e d o -  
m i n a n t  day  t y p e s  emerge,  weekdays  and  
w e e k e n d / h o l i d a y s .  A  c u r v e  i s  t h e n  f i t  t o  
t h e s e  day  t y p e s  t o  p r o v i d e  an e s t i m a t e  o f  
e n e r g y  u s e  as  a  f u n c t i o n  o f  i n d o o r - o u t d o o r  
t e m p e r a t u r e  d i f f e r e n c e  and  d a y t y p e .  E x a m i -  
n a t i o n  o f  s u c h  c u r v e s ,  and  t h e  e q u a t i o n s  
t h a t  b e s t  r e p r e s e n t  them,  w i l l  r e v e a l  com- 
p a r a t i v e  e f f i c i e n c y  f o r  b a s e  l o a d s  ( t h e  
m i n i m a  o f  t h e  c u r v e )  t h e  b a l a n c e  p o i n t  
t e m p e r a t u r e  d i f f e r e n c e  ( t h e  h o r i z o n t a l  
p o s i t i o n  o f  t h e  m i n i m a ) ,  and  t h e  p e r f o r -  
mance o f  t h e  h e a t i n g  and  c o o l i n g  s y s t e m s  
( t h e  s l o p e  o f  t h e  c u r v e s  t o  t h e  r i g h t  and 
l e f t  o f  t h e  b a l a n c e  p o i n t ,  r e s p e c t i v e l y ) .  
These  d e p i c t i o n s  c a n  b e  u s e d  t o  e v a l u a t e  
t h e  e f f e c t i v e n e s s  o f  e f f i c i e n c y  i m p r o v e -  
m e n t s  b y  c o m p a r i n g  t h e  p l a c e m e n t  and  s h a p e  
o f  t h e  p r e -  and  p o s t - r e t r o f i t  c u r v e s  as  
shown i n  F i g u r e  2 .  
The s e c o n d  t y p e  o f  b a s e l i n i n g  m e t h o d  
i s  t o  u s e  a  t h e r m o d y n a m i c  s i m u l a t i o n  mo- 
d e l .  V a r i o u s  e n g i n e e r i n g  m o d e l s  a r e  a v a i l -  
a b l e  t h a t  e s t i m a t e  b u i l d i n g  l o a d s  b a s e d  
upon  w e a t h e r  d a t a  and  b u i l d i n g  c h a r a c t e r -  
i s t i c s  and  s i m u l a t e  t h e  p e r f o r m a n c e  o f  t h e  
e n e r g y  u s i n g  s y s t e m s  t o  m e e t  t h e s e  l o a d s .  
F o r  u s e  i n  p e r f o r m a n c e  b a s e d  c o n t r a c t i n g ,  
t h e  m o d e l s  m u s t  b e  c a l i b r a t e d  t o  m e t e r e d  
d a t a  t o  e n s u r e  t h a t  t h e  mode l  i n p u t s  a r e  
c o r r e c t  and  t h a t  t h e  mode l  c a n  p r o p e r l y  
s i m u l a t e  t h e  t y p e s  o f  l o a d s  and  s y s t e m s  i n  
t h e  b u i l d i n g  u n d e r  s t u d y .  Once c a l i b r a t e d ,  
t h e s e  m o d e l s  c a n  b e  u s e d  t o  i d e n t i f y  and  
a s s e s s  e n e r g y  c o n s e r v a t i o n  o p p o r t u n i t i e s ,  
as w e l l  as p r o v i d e  a  b a s i s  f o r  t h e  e n e r g y  
u s e  b a s e l i n e .  The mode l  i s  r u n  w i t h  t h e  
p r e - r e t r o f i t  c h a r a c t e r i s t i c s  and  t h e  p o s t -  
r e t r o f i t  w e a t h e r  and  b u i l d i n g  u s e  d a t a  t o  
e s t i m a t e  t h e  amount  o f  e n e r g y  t h e  b u i l d i n g  
w o u l d  h a v e  consumed w i t h o u t  e f f i c i e n c y  i m -  
p r o v e m e n t s .  
T h i s  a p p r o a c h  h a s  s e v e r a l  a d v a n t a g e s .  
As m e n t i o n e d  above ,  t h e  mode l  c a n  b e  u s e d  
t o  i d e n t i f y  and  a s s e s s  c o n s e r v a t i o n  o p p o r -  
t u n i t i e s  b y  t a k i n g  i n t o  a c c o u n t  m a j o r  end-  
u s e  i n t e r a c t i o n s .  A n o t h e r  a d v a n t a g e  i s  
2 ~ a r w i n ,  R.F., and  R.P. M a z z u c c h i ,  
" E v a l u a t i n g  a n d  M o n i t o r i n g  E n e r g y  Con- 
s e r v a t i o n  M e a s u r e s  i n  M u l t i - B u i l d i n g  
C l u s t e r s  w i t h  S t a t i s t i c a l  M o d e l s . "  To b e  
p b u l i s h e d  i n :  P r o c e e d i n q s  F i f t h  A n n u a l  
Svmposium on  I m ~ r o v i n a  B u i l d i n 0  E n e r Q r  
E f f i c i e n c y  i n  H o t  and  Humid C l i m a t e s ,  
H o u s t o n ,  T e x a s ,  S e p t e m b e r  1 3 - 1 4 ,  1988. 
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Parameter ~stimates' for Models with the 
Followinq D e ~ e n d e n t  Variables: 
Gas at Central 
~ n d e ~ e d d e n t  Variables and Electricity ' Heating Plant Other Gas 
Miscellaneous Statistics (mwh) (therms) (therms) 
Independent Variables 
Intercept 
Time Trend 
Total Hours in 
Billing Period 
Nighttime Hours 
in Billing Period 
Heatjng Degree 
Days 
Cooljng Degree 
Days 
Miscellaneous Statistics 
Number of Observations 3 6 3 4 
Degrees of Freedom 3 0 3 1 
Standard Error of Y Est 75.54 29670.33 
R-Squared 0.8934 0.8975 
1 Standard errors in ~ a r e n t h e s e s .  
2 Heating degree day bases were derived using the PRISM method and are as 
follows: for electricity - base 63; for gas at the central heating plant 
- base 75; for other gas - base 60. 
3 The cooling degree day base is 57 and was derived using the PRISM method. 
Table 1. Models of energy consumption at Fort Sheridan. 
Interior - Exterior Temperature 
(OF) 
Fig. 1 Total daily energy use for an all- 
electric office buildin 
function of average dai ! y as indoor- a 
outdoor temperature differences. 
Interior - Exterior Temperature 
(OF) 
Fig. 2 Comparison of pre- and post-reto- 
fit weekday energy use as a func- 
tion of average daily indoor-out- 
door temperature differences. 
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t h a t  b o t h  wea the r  and b u i l d i n g  use changes 
can be c o r r e c t e d  f o r  by  a l t e r i n g  t h e  i n -  
p u t s  a c c o r d i n g l y .  The p r i n c i p a l  s h o r t -  
coming o f  t h i s  approach i s  t h a t  t h e  base-  
l i n e  and c o n s e r v a t i o n  e s t i m a t e s  a r e  o n l y  
as good as t h e  i n p u t s  and t h e  a l g o r i t h m s  
i n  t h e  model ,  and assessment o f  t h e s e  f a c -  
t o r s  can be h i g h l y  t e c h n i c a l .  F o r  t h i s  
reason,  FEMP i s  u s i n g  submetered energy  
consumpt ion  and d e t e r m i n a n t  d a t a  t o  r e f i n e  
and demons t ra te  t h e  accu racy  o f  t h e  mo- 
d e l  s  . 
The t h i r d  t y p e  o f  b a s e l i n i n g  method 
i s  t o  c o l l e c t  and a n a l y z e  submetered e n e r -  
gy end-use and d e t e r m i n a n t  d a t a .  These da- 
t a  can be used t o  r e f i n e  t h e  s t a t i s t i c a l  
and s i m u l a t i o n  methods d e s c r i b e d  above, 
used d i r e c t l y ,  o r  used t o  i n i t i a l i z e  an 
e m p i r i c a l  mode l .  P r o t o c o l s  f o r  t h e  c o l l e c -  
t i n g  metered d a t a  and a  c o r e  s e t  o f  b u i l -  
d i n g  c h a r a c t e r i s t i c s  d a t a  a r e  c u r r e n t l y  
b e i n g  deve loped  t o  g u i d e  t h i s  approach 
( 2 ) .  T y p i c a l l y ,  ene rgy  f o r  h e a t i n g ,  ven- 
t i l a t i o n ,  and a i r  c o n d i t i o n i n g ,  l i g h t i n g ,  
m a j o r  p rocess  l o a d s ,  and o t h e r  uses i s  
measured and compared t o  t h e  b u i l d i n g  
t o t a l  energy  use t o  ensu re  d a t a  q u a l i t y .  
Such d a t a  can r e v e a l  t h e  amount o f  ene rgy  
s a v i n g s  i n  each o f  t h e s e  systems and t h e  
i n t e r a c t i o n s  t h a t  may o c c u r .  Use o f  t i m e -  
s e r i e s  d a t a  r e c o r d e r s  can e f f e c t i v e l y  i n -  
d i c a t e  t h e  h o u r l y  p r o f i l e s  o f  energy  con-  
sumpt ion  b e f o r e  and a f t e r  b u i l d i n g  r e t r o -  
f i t .  Us ing  t h e s e  d a t a ,  any s i g n i f i c a n t  
changes i n  how t h e  b u i l d i n g  i s  used and 
o p e r a t e d  can be i d e n t i f i e d  and accounted 
f o r  i n  t h e  ene rgy  s a v i n g s  c a l c u l a t i o n s .  
Recent r e s e a r c h  has focused  on t h e  
d e v e l o  ment o f  e m p i r i c a l  mode l i ng  approa-  
ches t E a t  use t h e s e  t i m e - s e r i e s  measure- 
ments and c o r e  c h a r a c t e r i s t i c s .  Dynamic 
d a t a  o v e r  a  few days f r o m  s e v e r a l  channe ls  
can be based t o  d e t e r m i n e  t h e  a s - b u i l t  
pa ramete rs  o f  a  dynamic b u i l d i n g  l o a d  on 
sys tem model .  One method, c a l l e d  e q u i v a -  
l e n t  t h e r m a l  pa ramete rs  (ETP), models t h e  
b u i l d i n g  as a  s i m p l e  e l e c t r i c a l  ne twork  
w i t h  r e s i s t o r s  f o r  c o n d u c t i o n  p a t h s ,  capa- 
c i t o r s  f o r  mass e f f e c t s ,  and nodes i n d i -  
c a t i n g  t h e  t e m p e r a t u r e s  a t  v a r i o u s  l o c a -  
t i o n s  ( 3 ) .  Through complex,  y e t  mathema- 
t i c a l l y  e l e g a n t  p rocedu res ,  t h e  pa ramete rs  
o f  such a  model can be d e t e r m i n e d  and used 
t o  d e v e l o p  an e q u a t i o n  e x p r e s s i n g  b u i l d i n g  
energy .  A b e n e f i t  o f  t h i s  approach i s  t h a t  
t h e  pa ramete rs  o f  t h e  model have p h y s i c a l  
s i g n i f i c a n c e ,  i n  t h a t  t h e y  r e l a t e  t o  t h e  
v a r i o u s  h e a t  f l o w s  i n  t h e  modeled b u i l -  
d i n g .  By r e c a l c u l a t i n g  t h e  pa ramete rs  o f  
t h e  model a f t e r  an e f f i c i e n c y  improvement,  
some i n s i g h t  i s  g a i n e d  as t o  t h e  n a t u r e  o f  
t h e  r e t r o f i t  and t h e  s i g n i f i c a n c e  o f  end- 
use i n t e r a c t i o n s .  
g e r a t i n g ,  and A i r  C o n d i t i o n i n g  E n g i n e e r s '  
b i n - t e m p e r a t u r e  c a l c u l a t i o n  method ( 4 ) .  
T h i s  model i s  i n  t h e  p u b l i c  domain, ope- 
r a t e s  on most p e r s o n a l  compu te rs ,  and has 
many u s e r - f r i e n d l y  f e a t u r e s .  The e n t r i e s  
f o r  t h e  program a r e  menu d r i v e n ,  and once 
e n t e r e d ,  can be a u t o m a t i c a l l y  v a r i e d  t o  
conduc t  p a r a m e t r i c  s e n s i t i v i t y  ana l yses .  
A c t u a l  r u n  t i m e  c a l c u l a t i o n s  can be ob- 
se rved ,  and s e v e r a l  g r a p h i c a l  d e p i c t i o n s  
o f  t h e  r e s u l t s  o f  t h e s e  a n a l y s e s  can be 
v iewed  as t h e  program r u n s .  
Run t i m e s  a r e  dependent  on t h e  b u i l -  
d i n g  c o m p l e x i t y  and f e a t u r e s  o f  t h e  compu- 
t a t i o n a l  env i ronmen t .  On s t a t e  o f  t h e  a r t  
p e r s o n a l  computers  w i t h  a  math c o - p r o c e s -  
s o r ,  annua l  s i m u l a t i o n s  f o r  a  f i v e  zone 
b u i l d i n g  r e q u i r e  l e s s  t h a n  one m i n u t e  t o  
execu te .  A b a t c h  p a r a m e t r i c  p r o c e s s o r  i s  
a v a i l a b l e  t o  queue up m u l t i p l e  r u n s  f o r  
u n a t t e n d e d  e x e c u t i o n .  F i n a l l y ,  t h e  o u t p u t  
can be t a i l o r e d  f o r  d i r e c t  e n t r y  i n t o  
p o p u l a r  sp readshee t  programs f o r  d a t a  
a n a l y s i s  and p l o t t i n g .  
The energy  s i m u l a t i o n  model i s  
c o u p l e d  t o  t h e  N a t i o n a l  Bureau o f  S tan -  
d a r d s  l i f e - c y c l e  c o s t i n g  model t o  p r o v i d e  
s a v i n g s - t o - i n v e s t m e n t  r a t i o s  f o r  ene rgy -  
e f f i c i e n c y  improvements ( 5 ) .  These r a t i o s  
a r e  c a l c u l a t e d  u s i n g  t h e  c u r r e n t  DOE r e -  
g i o n a l  f u e l  p r i c e s  and e s c a l a t i o n  r a t e s  as 
w e l l  as u s e r  s e l e c t e d  d i s c o u n t  r a t e s .  
Thus, t a b l e s  s i m i l a r  t o  T a b l e  2 can be de- 
v e l o p e d  f o r  a  s p e c i f i c  t y p e  o f  f a c i l i t y ,  
t o  i n d i c a t e  t h e  c o s t - e f f e c t i v e n e s s  o f  
b u i l d i n g  r e t r o f i t s  a c c o r d i n g  t o  c j i m a t e  
t y p e  and p r o t o t y p e  c o n f i g u r a t i o n .  
The FEMP i s  now f u n d i n g  e f f o r t s  t o  
e v a l u a t e  and enhance t h i s  mode l ,  and i s  
p r o v i d i n g  t r a i n i n g  workshops f o r  f e d e r a l  
u s e r s .  An eng inee r lp rog rammers  g u i d e  w i l l  
be deve loped  n e x t  y e a r  t o  document t h e  
i n n e r  w o r k i n g s  and t e c h n i c a l  b a s i s  o f  t h e  
code, t o  a s s i s t  t h o s e  w i s h i n g  t o  r e v i e w  o r  
r e f i n e  v a r i o u s  f e a t u r e s  o f  t h e  p u b l i c  do- 
main  code. O t h e r  p lanned  enhancements i n -  
c l u d e  t h e  deve lopment  o f  a  h a r d - d i s k  v e r -  
s i o n  w i t h  added c a p a b i l i t i e s ,  d e f i n i t i o n  
o f  s t a n d a r d  d e f a u l t s  f o r  v a r i o u s  t y p e s  o f  
e x i s t i n g  b u i l d i n g s ,  and t h e  deve lopment  o f  
an A S E A M  t o  DOE-2 model i n p u t  f i l e  gene r -  
a t o r  t o  f a c i l i t a t e  e x a m i n a t i o n s  o f  energy  
c o n s e r v a t i o n  o p p o r t u n i t i e s  f o r  w h i c h  b i n -  
t e m p e r a t u r e  m o d e l i n g  may be i n a d e q u a t e .  
GUIDELINES AND PROCEDURES 
The FEMP i s  d e v e l o p i n g  g u i d e l i n e s  f o r  
p r o j e c t  e v a l u a t i o n s  and p r o c e d u r e s  f o r  
c o n t r a c t  e x e c u t i o n ,  t o  f a c i l i t a t e  use o f  
t h e  new c o n t r a c t i n g  a u t h o r i t i e s  f o r  sha red  
s a v i n g s  p r o j e c t s  i n  t h e  f e d e r a l  s e c t o r .  
ASEAM MODEL DEVELOPMENT 3 ~ a z z u c c h i ,  R.P. e t  a l l  P r a t o t v o e  
Enerqv E f f i c i e n c v  D i n i n q  H a l l  S tudv ,  P re -  
A S imp le  Energy A n a l y s i s  Method p a r e d  f o r  t h e  U.S. A i r  Fo rce  E n g i n e e r i n g  $ (ASEAM) has been deve loped  f o r  DOE u s i n g  S e r v i c e s  C e n t e r ,  Tynda l  AFB, F l o r i d a ,  
t h e  American S o c i e t y  o f  H e a t i n g ,  R e f r i -  1988, by  P a c i f i c  N o r t h w e s t  L a b o r a t o r y .  
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S a v i n g s - t o - I n v e s t m e n t  R a t i o  
by  C l i m a t e  Type 
C o n s e r v a t i o n  Measure D e s c r i p t i o n  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10% FOOD PREP CAPACITY REDUCTION 
10% FOOD PREP DIVERSITY REDUCTION 
LOW TEMPERATURE DISH MACHINE 
WATER COOLED REFRIGERATION CONDENSERS 
CURTAIN ON WALK-IN REFRIGERATOR DOORS 
M O T I O N  DETECTOR FOR DINING LIGHTS 
HIGH EFFICIENCY FLUORESCENT LIGHTS 
PARBOLIC REFLECTORS FOR LIGHTS 
ELECTRONIC BALLASTS FOR FLUORESCENT FIXTURES 
R-11 WALL INSULATION 
R-11 TO R-19 WALL INSULATION 
R-19 TO R-30 WALL INSULATION 
R - 1 1  ROOF INSULATION 
R-11 TO R-19 ROOF INSULATION 
R-19 T O  R-30 ROOF INSULATION 
R-30 TO R-38 ROOF INSULATION 
R38 TO R-49 ROOF INSULATION 
TINTED WINDOW GLAZING 
DOUBLE PANE W I N D O W S  
DOUBLE TO TRIPLE PANE WINDOWS 
EFFICIENT AIR CONDITIONERS 
ECONOMIZER CYCLE COOLING 
A I R  TO A I R  HEAT PUMP 
VARIABLE A I R  VOLUME SYSTEM 
G R O U N D  SOURCE HEAT PUMP 
MAKE-UP AIR EXHAUST HOODS 
NIGHT SETBACK THERMOSTATS 
HOT WATER HEAT PUMP 
COLD COOL 
- ---  - - - -  
1.4 1.6 
1.1 1.3 
0.3 0 .8  
2.4 2.6 
1.4 1.7 
1.8 3.7 
2.1 2.5 
2.8 3.4 
1.6 2  
8  8.2 
5.5 4.3 
1.7 3.2 
5.8 5.3 
5.6 4.5 
1.7 1.5 
0.5 0.4 
0.8 0.2 
0.2 0.8 
7.1 6.4 
15 11.5 
3.5 5.5 
11.4 6.8 
11.5 8.2 
1.8 2.7 
11.9 8.5 
14.5 10.9 
60.5 44.6 
9.7 8.5 
WARM 
- - - - 
2  
1 .6  
1.6 
3  
2.2 
7.6 
2.9 
3  
2.1 
5 .1  
4  
3.5 
3.6 
5.6 
0.8 
0.4 
0.6 
1.2 
3.3 
6.9 
7.9 
9.3 
3  
1.9 
3.5 
6  
23.8 
7.3 
HOT 
- - - -  
2.4 
2.1 
2.8 
3.4 
2.9 
11.7 
3.1 
4.2 
2.4 
5 . 1  
3.2 
2.3 
4.1 
3.3 
1.9 
0.3 
0.5 
1.7 
3.3 
20.2 
11.7 
8.5 
1.6 
2  
1.6 
1.6 
3.5 
6 .1  
Tab le  2. Summary o f  Sav ings  To I n v e s t m e n t  R a t i o s  f o r  Energy  E f f i c i e n c y  
O p p o r t u n i t i e s  A p p l i c a b l e  t o  U.S. A i r  Fo rce  D i n i n g  H a l l s  
The g u i d e l i n e s  p r o v i d e  a roadmap f o r  i d e n -  
t i f y i n g  and d e s i g n i n g  s u c c e s s f u l  sha red  
s a v i n g s  p r o j e c t s .  T h i s  s t a r t s  w i t h  an ob- 
j e c t i v e  a n a l y s i s  o f  t h e  p o t e n t i a l  f o r  
c o s t - e f f e c t i v e  ene rgy  s a v i n g s  and c o n s i -  
d e r a t i o n  o f  t h e  s i g n a l - t o - n o i s e  r a t i o  o f  
t h e  b a s e l i n e .  
The f i r s t  s t e p  e n t a i l s  t h e  assembly 
and v e r i f i c a t i o n  o f  u t i l i t y  b i l l i n g  r e -  
c o r d s ,  c o l l e c t i o n  o f  key  f a c i l i t y  c h a r a c -  
t e r i s t i c s ,  and a c q u i s i t i o n  o f  c l i m a t o l o -  
g i c a l  d a t a .  From t h e  r e s u l t i n g  i n f o r m a -  
t i o n ,  ene rgy  use i n t e n s i t i e s  a r e  c a l c u l a -  
t e d ,  and compared w i t h  t h o s e  o f  s i m i l a r  
f a c i l i t i e s .  These consumpt ion  l e v e l s  can 
a l s o  be compared t o  t h e  ene rgy  budge ts  
e s t a b l i s h e d  f o r  new b u i l d i n g  c o n s t r u c t i o n  
as an i n d i c a t i o n  o f  t h e  t e c h n i c a l  l i m i t  o f  
e f f i c i e n c y  improvements.  T h i s  work w i l l  
y i e l d  a  f i r s t - o r d e r  i n d i c a t i o n  o f  t h e  po-  
t e n t i a l  magn i tude  o f  ene rgy  e f f i c i e n c y  
improvements .  
The n e x t  s t e p  i s  t o  s e l e c t  and t e s t  
t h e  a p p r o p r i a t e  b a s e l i n i n g  methods.  The 
u n c e r t a i n t y  o f  t h e  b a s e l i n e  i s  compared t o  
t h e  p o t e n t i a l  e n e r g y  s a v i n g s  l e v e l s  t o  de- 
t e r m i n e  t h e  s i g n a l - t o - n o i s e  r a t i o  o f  t h e  
b a s e l i n e  s t r a t e g y .  V a r i o u s  approaches a r e  
t e s t e d  and e v a l u a t e d  t o  c o n f i r m  i f  end-use 
m o n i t o r i n g  w i l l  be  r e q u i r e d  and c o s t - j u s -  
t i f i e d .  I f  necessa ry ,  end-use measurements 
a r e  made a c c o r d i n g  t o  a  m o n i t o r i n g  p r o t o -  
c o l .  
A t  t h i s  p o i n t  t h e  v i a b i l i t y  o f  t h e  
p r o j e c t  i s  r e v i e w e d  by  c o g n i z a n t  p a r t i e s  
and p o t e n t i a l  ESCOs t o  ensu re  t h a t  a  Re- 
q u e s t  f o r  P r o p o s a l  (RFP) w i l l  be responded 
t o  and t h a t  a  l e g a l l y  v a l i d  c o n t r a c t  can 
be consummated. The s t a b i l i t y  o f  b u i l d i n g  
use and o p e r a t i o n s  o v e r  t h e  a n t i c i p a t e d  
t e r m  o f  t h e  c o n t r a c t  s h o u l d  be addressed.  
I f  m a j o r  changes a r e  schedu led  o r  l i k e l y ,  
a  s h a r e d  s a v i n g s  c o n t r a c t  may be i n a p p r o -  
p r i a t e  u n l e s s  t h e  i m p a c t s  o f  such changes 
on ene rgy  usage can be q u a n t i f i e d .  
A f t e r  t h e  v i a b i l i t y  o f  t h e  p o t e n t i a l  
p r o j e c t  has been d e t e r m i n e d ,  e f f o r t s  s h i f t  
t o  t h e  deve lopment  o f  t h e  RFP and suppor -  
t i n g  d o c u m e n t a t i o n .  F u r t h e r  s t u d y  and de-  
ve lopmen t  o f  t h e  e n e r g y  consumpt ion  base- 
l i n e  may be conduc ted  a t  t h i s  p o i n t  o r  may 
be d e f e r r e d  t o  c o n s i d e r  s t r a t e g i e s  t h a t  
may be p roposed  b y  t h e  ESCOs. One reason  
f o r  a s s e m b l i n g  s u p p o r t i n g  documen ta t i on  
such as b u i l d i n g  p l a n s ,  u t i l i t y  b i l l i n g  
r e c o r d s ,  and o t h e r  t e c h n i c a l  i n f o r m a t i o n  
i s  t o  m i n i m i z e  t h e  i n c o n v e n i e n c e  t o  f a c i l -  
i t y  managers b y  r e p e a t e d  r e q u e s t s  f o r  i n -  
f o r m a t i o n  f r o m  p o t e n t i a l  b i d d e r s .  
T y p i c a l l y ,  a  p r e - b i d  c o n f e r e n c e  i s  
convened t o  d e s c r i b e  t h e  p r o j e c t  and ad- 
d r e s s  any i s s u e s  r a i s e d  by  t h e  p o t e n t i a l  
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bidders before the RFP is released. Review 
of previously developed RFPs for similar 
projects may provide a pro-forma for the 
subject project and significantly reduce 
project development costs. Criteria are 
established for evaluating the proposals. 
These include the firm's technical capa- 
bilities, financial resources, key staff, 
proposed efficiency improvements, and, if 
applicable, the proposed baselining me- 
thod. 
Once a source is selected, relatively 
extensive contract negotiations will fol- 
low. The method t o  determine energy sa- 
vings and payments to the contractor must 
be agreed upon. Arrangement for access, 
coordination with onsite maintenance per- 
sonnel, and familiarization of utility and 
contracts personnel must be attended to. 
Provision for unpredictable circumstances, 
such as loss of tenancy or building da- 
mage, during the term o f  the contract 
should be considered in the event of such 
occurrences. 
THE ARCHITECT AND ENGINEER'S GUIDE TO 
ENERGY CONSERVATION 
The Architects and Enqineers Guide to 
Enerav Conservation in Existina Buildinqs 
was prepared for FEMP in 1980 (61. This 
manual was originally intended 'to enhance 
and simplify the work of those architects 
and engineers whose practice includes ana- 
lyzing and modifying existing buildings to 
reduce both fuel consumption and operating 
costs. In effect, the manual offers a 
field-tested approach t o  identifying, ana- 
lyzing, and recommending action on the 
full range of opportunities and options 
available to reduce energy use in most 
existing buildings. Besides a review o f  
the principles of energy use and conser- 
vation, the manual provides a step-by-step 
methodology for assessing and improving 
the year-round energy performance o f  
buildings, as well as a series of forms, 
charts, and nomographs designed to serve 
as day-to-day tools in the energy profes- 
sional's toolbox. 
Because o f  the significant advance- 
ment in energy conservation technology and 
analysis methods during the decade, a ma- 
j o r  update to this publication is nearing 
- completion. A total of 129 generic energy 
conservation opportunities are described 
with respect to their operating principle, 
how to collect data for performance as- 
sessment, appropriate analysis methods, 
and implementation procedures. These mea- 
sures fall into the following categories: 
lighting systems, building envelope, dis- 
tribution systems, HVAC equipment, domes- 
tic water heating, and power systems. 
A new chapter on building energy ana- 
lysis methods will be added to help the 
user identify the most appropriate tools 
for a specific investigations. The appli- 
cability o f  degree-day, bin-temperature, 
and hourly simulation for modeling generic 
conservation opportunities is indicated. 
Because the bin-temperature simulations 
are relatively easy to conduct on personal 
computers, and are considered to be useful 
to analyze most of the ECOs, the manual is 
being updated to provide specific guidance 
with respect to the use the ASEAM 2.1 mo- 
del. In comparison to the existing manual 
methods, this model offers the advantages 
of accounting for ECO interactions and 
automating the assessment of energy con- 
servation opportunities and associated 
sensitivity analyses. The model also fa- 
cilitates automated application o f  the 
FEMP approved life-cycle costing methods 
to determine cost-effectiveness. 
SAMPLE PROJECTS 
As the FEMP is action-oriented, the 
tools and manuals described above are use- 
ful to the program only insofar as they 
are applied to actual projects. For this 
reason, the technology base support compo- 
nents of the program are driven by the 
needs of current and planned shared energy 
savings projects in the federal sector. 
This section briefly describes some of 
these projects. 
The first shared-savings project au- 
thorized by the federal government was a 
lighting retrofit for the U.S. Postal Ser- 
vice. This involves the replacement of the 
existing fixtures with more efficient lu- 
minaries in mail- handling facilities. The 
savings to the government and proceeds to 
the contractor were easily calculated be- 
cause the lights are operated 24 hours per 
day, the building is not cooled, and hea- 
ting is provided by fossil fuels. Annual 
savings per fixture were established based 
on a side by side monitoring and compari- 
son of an existing and new fixture. The 
contractor will be paid on an annual cost- 
savings-per-fixture basis over a specified 
time period. 
A project is currently being nego- 
tiated t o  retrofit daylighting controls to 
the U.S. Housing and Urban Development of- 
fices in Washington, DC. The energy use of 
this large office building was simulated 
using ASEAM 2.1 and found t o  match the 
historical billing records for electricity 
remarkably well. Hence, the ASEAM model is 
being put forward as the baselining method 
for this building. The model will make use 
o f  climate data collected onsite during 
the contract period to determine what the 
air-conditioning requirements would have 
been without the lighting system improve- 
ments. 
Another project under consideration 
involves the retrofit of a DOE operated 
laboratory building. This building con- 
tains 56 offices, 56 laboratories, and a 
high bay area with a 10-ton crane. The 
retrofits being considered include up- 
dating HVAC controls, altering provisions 
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for low-conductivity water, use of vari- 
able speed pumps, and cogeneration. The 
energy use of this building has been 
submetered since November 1987, and addi- 
tional 15-minute data has been obtained on 
building microclimate and interior temper- 
atures. These data are being used to bet- 
ter develop the energy conservation oppor- 
tunities and provide a benchmark to test 
various baselining approaches. In light of 
the magnitude and mission-driven nature o f  
the buildin process loads, the end-use 
metering ri!l be continued to provide the 
baseline performance data for this buil- 
ding. Study of the signal-to-noise ratio 
of various baselining methods will con- 
tinue as the energy conservation opportun- 
ities are clarified. 
A fourth type of project is being 
considered for an entire military base. 
The facility has significant energy con- 
servation potential and relatively stable 
mission requirements, making it a good 
candidate for a shared-savings initiative. 
A statistical analysis of the utility sup- 
ply meter readings against climate data 
revealed that most of the month-to-month 
variation in energy use could be ex- 
plained. However, a general trend of in- 
creasing electrical use detected must be 
better understood before a base-wide base- 
line can be established. For natural gas 
consumption the statistical anal sis re- 
sulted in very good models for tKe steam 
plant and the balance of the base. It is 
hoped that further evaluation will reveal 
that the potential for cost-effective 
energy savings is sufficiently great that 
the noise associated with a base-wide 
baseline will be small in comparison. 
CONCLUSIONS 
The FEMP has made significant pro- 
gress over the past year to develop me- 
thods and tools for improving the effi- 
ciency of federal facilities. Key issues 
surrounding the implementation of shared- 
savings projects in the federal sector 
have been identified, and action-oriented 
research has been initiated to demonstrate 
effective approaches to using this new au- 
thority. In light of the complexity of the 
issues, and the need for data from actual 
field experience, a multiyear program has 
been planned to provide tested "turn-key" 
guidance to federal agencies wishing t o  
initiate such contracts. 
Along wlth this guidance, the FEMP is 
enhancing tools and reference materials 
for use by federal agencies and contrac- 
tors involved in building energy effici- 
ency improvement. The public domain ASEAM 
2.1 simulation model is being tested and 
refined, and classes and user-support 
services are being provided for federal 
users. The Architect and Enaineers Guide 
to Enerav Conservation in Existing Buil- 
dinas, is being updated to include new 
conservation technologies and analysis 
methods. Finally, specific advice and 
assistance is being provided t o  various 
federal agencies involved with energy 
savings initiatives to stimulate use of 
the new contracting authorities and to 
streamline the process for future appli- 
cat ions. 
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